INTRODUCTION
Use of a hydrodynamics code (hydrocode) for experiment fitting proposes requires information about how some scalar result (or response, R) will change when some code parameter (a) is changed. This so-called sensitivity, ('R/~), is the gradient (or Jacobian) that determines the search direction for obtaining an optimum response. Typically, the gradient is obtained by changing parameters one at a time to form a finite-differenee derivative. This method, which we call the Direct Method, requires N+ 1 computer runs to determine sensitivities for N problem pamne.ters.
In previous papers (1,2,3) we have described an equation-based sensitivity technique used successfidly in the early eighties, which is called Differential Sensitivity Theory (DST) (4) . We have seen, however, that this technique does not produce accurate values for all sensitivities and for problems with discontinuities such as material interfaces. We described code-based automatic differentiation (AD) (5) techniques which include ADIFOR (Automatic DIfferentiation of FORtran) (6) and the TAMC (Tangent-linear and Adjoint Model Compiler) (7, 8) . In what follows, we describe results obtained by AD metoda for the fitting of data from a uniaxial strain shock physics experiment with MESA1D(9), examine the accuracy of the sensitivities for a two-dimensional copper jet calculation with MESA2D( 10), and outline our plans for future work.
UNIAXIAL FLYER PLATE EXPERIMENT
In this subsection we obtain sensitivities for a normal impact copper flyer plate test (11 ). In this experiment a 3 mm copper flyer plate at 645 m/s strikes an 18 mm target. The pressure is measured at the center of the target. We use a Mie-Gruneisen EOS (12) and an elastic-perfectly plastic strength model to represent the copper. The values for the EOS and strength parametem are given in Table 1 . The response was chosen to be 4ps R = C j (Pexp -PcaIc ) 2dt .
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Where C is a constant, pew is the experimental pressure, and pc.k is the calculated pressure. The sensitivities of this response to the initial conditions and the EOS and strength q parameters along with their definitions and nominal values are given in Table 1 . We note excellent agreement between the forward and adjoint derivative results with the exception of the strength parameters that have only two to four digit agreement. The accuracy required when using the sensitivities as a gradient for an optknhtion process has yet to be determined.
The sensitivities listed in Table 1 provide the first gradient in a Polak-Ribiere conjugategradient minimization procedure (13). Subsequent gmdients for the fitting process were obtained by the adjoint method. Figure 1 shows the experimental pressure trace, the pressure trace produced using the nominal parameters, and the Dressure trace moduced bv the oWimized to the experimental data required 16 iterations in the optimization process. An important issue when choosing whether to use a forward or adjoint method to determine sensitivities is the amount of computer time that each method requires. As mentioned in previous work (1, 2, 3) , the number of parameters versus the number of responses plays a key role in this decision. For this problem we have chosen only one response. The run times for the various methods used to obtain the results in Table 1 are  listed in Table 2 . We see that for this flyer problem TAMCForward is the most efficient method for computing 12 sensitivities, with TAMC-Adjoint requiring slightly more time. ADIFOR and the Direct Method require approximately the same amount of computer time. The ratio of TAMCAdjoint to Direct-Method run times would, of course, improve (decrease) if the number of parameters were increased. These runs have only recently been made and have not been examined in detail to see if further run time improvements can be implemented. We have seen in previous timing comparisons that the adjoint run times are adversely affected by storing required forward results rather than recalculating them, but we have not developed a definitive strategy for obtaining optimal computational eftlciency. As we gain experience with these methods, minimization of computational time will be better understood and pursued.
JET APPLICATION
In this section we describe the application of AD techniques to a two-dimensional jet problem in which a copper bar impacts a rigid boundary as is shown in Figure 2 . The bar has an initial axial velocity ( VO ) of O.7 krds and three transverse velocity ( UO) cases: 0.0, -0.1, and -0.7 km/s respectively.
For the non-zero transverse velocities a jet is formed that flows along the axis. The response of interest is the jet tip speed that is obtained by following a marker particle that is placed on axis at the right side of the copper bar as shown as a black dot in Figure  *   m Figure 2 . Copper bar impacting a rigid bounday subsequently forming a jet when the transverse velocity (U. ) is non-zero, the response is the marker particle (shown as the black dot) velocity at the end of the calculation
For this example the problem parameters are the same as those listed in Table 1 . The initial velocity is the axial velocity ( VO ). The axial velocity was chosen because the sensitivity of the final velocity to the initial axial velocity is 1.000 for the zero transverse velocity case. This seemingly trivial result provided an excellent test of the advection-scheme adjoint code. Debugging the adjoint code produced by TAMC for the advection routines was difficult. When 1.000 was obtained for the initial velocity sensitivity, the other sensitivities agreed well with the forward results obtained by ADIFOR (which is viewed as the "correct" solution) and the Direct Method. The sensitivities produced by the adjoint code for -0.1 kmh transverse velocity agreed fairly well with ADIFORfor approximately 20 time steps but then diverged from the ADIFOR result as a function of time. It was not possible to produce reasonable sensitivities for times greater than 0.8 ps by any method for the -0.7 km/s transverse velocity case. Examination of the computed results for this case showed that the sensitivity was proportional to the marker particle acceleratiow hich became unstable after 0.8 KS. A different response choice (other than following a marker particle) will be necessary to obtain a numerically smoother characterization of the jet tip speed and stable sensitivities. We intend to explore this issue in fhture work.
The run times for 800 time steps are given in Table 3 . What is clear from the table is that there is considerably morecomputation for a twodimensional adjoint calculation. For the adjoint method to become competitive there would have to be a five-fold increase in the number of parameters or a five-fold decrease in the twodimensionrd computational overhead. While some overhead reduction is possible, it appears that problems containing many parameters represent a better application for the adjoint technique. 
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